The major concern of current pagination is to report the doubly stratified medium subject to both magnetized and non-magnetized flow fields. For this purpose both the Newtonian and non-Newtonian liquids are considered in a double stratified medium having magnetic field interaction. To be more specific, a generally accepted rheological liquid around a cylindrical surface having constant radius embedded in magnetized doubly stratified media is taken into account. Additionally, flow field is manifested with various pertinent physical effects. The flow problem statement is defended through generalized formulation via fundamental laws. A computational scheme is executed and stream lines topologies are constructed for the both magnetized and non-magnetized stratified medium to explore the interesting features. It is observed that the Casson fluid velocity towards cylindrical surface is higher in magnitude as compared to flat surface. Such observation is same for the both the magnetized and non-magnetized flow fields. Our general formulation yields some existing attempts in the literature. The variations in local skin friction coefficient (LSFC), local Nusselt number (LNN) and local Sherwood number (LSN) are provided with the aid of tabular forms. It is trusted that the obtain observations via stream lines topologies will serve a clear insight to the said flow problem.
. In this work they considered Casson fluid as an EC and shrinking was exponentially proportional. Adomian decomposition method was utilized to report analytical solution and the outcomes in this regard were offered in terms of both tables and graphs. The Eying-Powell fluid was taken as an EC and magnetic characteristics were reported by Hayat et al. 13 . They presented series solution and graphical trends are provided to elaborate impact of magnetic field parameter. Since than many attempts were with respect MHD flows. The past and recent developments in this direction can be assessed in refs [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] . The strength of current pagination is generalized mathematical formulation and interpretation in both magnetized and non-magnetized frames. In this article Casson fluid is taken as an EC with doubly stratified medium. The Casson fluid flow regime is further manifested with various physical effects namely stagnation point, applied magnetic field, mixed convetion, thermal radiation, heat generation/absorption, Joule heating, chemical reaction and suspended nanoparticles. It is noticed that the mutual mathematical modelling subject to flow narrating differential equations that is Navier-Stokes equations and Maxwell equations generates complex structures and it seems impossible to obtain exact solutions. Therefore a computational algorithm is developed to report numerical results in terms of both tables and graphs. To be more specific, Section-1 is devoted to skimmed the limited literature survey regarding magneto-hydrodynamic boundary layer flows which includes both Newtonian and non-Newtonians models. The generalized mathematical treatment for Casson fluid model is structured in Section-2. The detail analysis after implementation of computational algorithm is discussed in Section-3. In addition, Section-3 is further divided into sub sections (key to the graphs, key to the tables etc.) to facilitate readers. The stream lines patterns for both magnetized and non-magnetized cases are provided as a graphical outcomes in Section-4. The sub cases subject to said problem are retraced and discussed in Section-5. The summary of analysis is offered as an itemized points in Section-6. An adopted procedure is trustful and it can be extended to some useful fluid models like Tangent hyperbolic fluid model, Williamson fluid model, Powell-Eyring fluid model, Jeffrey fluid model etc.
Generalized Formulation
The flow model for the Casson fluid is mathematically modelled when various effects are taken into account namely, mixed convection, stagnation point, magnetic field, Joule heating, nonlinear radiations, heat generation/ absorption, nanoparticles, temperature stratification, concentration stratification and chemical reaction. The fluid flow is achieved due to an inclined stretching cylindrical surface. For clarity the axial cylinder line is supposed to be parallel to x-axis and the perpendicular axis to the x-axis is taken as r-axis (radial direction). Through generally accepted mathematical laws, one can obtained the following flow narrating differential equations: , one can conclude the modification: with end point conditions: since the mathematical problem given in Eqs (1-5) with an endpoint conditions by Eq. (6) is highly non-linear therefore to report an exact solution seems impossible. Therefore, to seek the numerical solution we need an equivalent system of ordinary differential equations. It can be attained by using set of similarity transformation. This approach is scientifically and mathematically proven and considered by various prolific investigators like Sakiadis, Blasius, Prandtl and up-to today, see refs [32] [33] [34] . One of application of Lie symmetry analysis is order reduction towards differential equations. Ferdows et al. 35 carried Lie symmetry approach to find set of similarity transformation for conversion of partial differential equations into ordinary differential system. Some recent trustful attempts subject to similarity transformation can assessed in refs [36] [37] [38] [39] [40] [41] [42] . Our attention is to solve the system of ordinary differential equations, therefore the widely used set of transformation [37] [38] [39] [40] [41] [42] for the cylindrical surface is given as 
use of Eq. (8) gives:
cos 0, with transformed conditions:
The involved parameters are defined as below: and the local skin friction coefficient at the surface of cylinder is given by:
f w U w r R 2 2 in dimensionless practice, it is written as:
be the local Reynolds number. The expression for the both local Nusselt and the local Sherwood numbers are given as: Discussion. The generalized flow problem for the Casson fluid flow around a cylindrical geometry is controlled by mathematical formulation given in Eqs (2-6) in terms of partial differential equations. For solution purpose an acceptable set of transformation given in Eq. (7) is used to reduce partial differential equations into set of coupled ordinary differential equations. Since the reduced problem is boundary value problem therefore to meet the criteria Figures 7 and 8 are plotted for A < 1, when the free stream velocity is lower in strength as compared to stretching rate in both magnetized and non-magnetized stratified medium. One can observed that the for magnetized case γ = 0.5 the stream lines patterns are wider than that of non-magnetized case γ = 0.0 as expected. The case A = 1, when both free stream and stretching velocities are equivalent is examined and observation in this regard is provided by means of Figs 9 and 10 for both magnetized and non-magnetized frame. In magnetized frame the velocity seems suppressed than that of non-magnetized. This is due to opposing force termed as Lorentz force. When free stream velocity exceeded the strength with that of stretching one we interpret this with A > 1. Figures 11  and 12 are given with respect to A > 1 in both magnetized and non-magnetized stratified medium. It can be seen that for A > 1 the impact of magnetic field parameter still remains significant that is the free stream lines patterns depicts larger distance between them as compared to non-magnetized frame which implies the suppress nature of velocity against magnetic flow field. Figures 13 and 14 
sub attempts
Since an article contains proposed generalized mathematical modelling for the stratified medium towards Casson fluid flow around a cylindrical geometry. The existing literature subject to the Casson flow field via stratified medium becomes over sub-study. The detail in this direction structured through section wise.
Case-1.
In the absence of concentration equation and ignoring the stagnation point, thermal radiations, Joule heating and suspended nanoparticles assumptions, the generalized problem reduced to Problem reported in ref. 31 . In this problem a magnetohydrodynamic Casson fluid flow towards both flat and cylindrical surfaces via thermally stratified medium. It was concluded that the obtained variations were remarkably enormous for cylindrical geometry as compared to plane surface. The local skin friction coefficient was found as an increasing function of curvature parameter, Casson fluid parameter, Prandtl number and thermal stratification parameter while opposite trends were noticed towards mixed convection parameter and heat generation parameter. The local Nusselt number was an increasing function for greater values of curvature parameter, mixed convection parameter and Prandtl number while inverse values are noticed for Casson fluid parameter, thermal stratification parameter and heat generation parameter. An excellent comparison is noticed with ref. 31 for both local skin friction coefficient and local Nusselt number. Tables 1 and 2 are constructed in this regard. The flow narrating formulation in this regard is given as: www.nature.com/scientificreports www.nature.com/scientificreports/ Case-2. In absence of thermal radiations, Joule heating, suspended nanoparticles and stagnation point assumptions our generalized mathematical formulation meet with formulation reported in ref. 43 . In this problem doubly stratified mixed convection flow of Casson fluid due to an inclined cylindrical surface was examined. It was reported that in absolute sense the local skin friction shows an inciting nature towards curvature parameter, Casson fluid parameter, Prandtl number, Schmidt number, thermal stratification parameter while opposite attitude wasobserved for the positive values of mixed convection parameter, solutal stratification parameter and heat generation parameter. It was seen that Nusselt number was decreasing function of Casson fluid parameter, thermal stratification parameter and heat generation parameter but an inverse trends were found for the higher values of mixed convection parameter, curvature parameter and Prandtl number. Additionally, it was observed that Sherwood number reflected an inciting attitude for higher values of curvature parameter, Schmidt number, solutal stratification parameter and chemical reaction parameter. Tables 3, 4 and 5 are constructed in this direction and we have an excellent match with observation recorded in ref. 43 . The corresponding mathematical formulation are prearranged as follows: www.nature.com/scientificreports www.nature.com/scientificreports/ Table 4 . LNN comparison with ref. 43 .
www.nature.com/scientificreports www.nature.com/scientificreports/ Case-3. One can confirm from mathematical formulation given by Eqs (9) (10) (11) (12) , that the generalized problem meets with ref. 44 when we ignore stagnation point, magnetic field, suspended nanoparticles, thermal radiations, heat generation and Joule heating effects along additional condition that is β → ∞. In this problem mixed convection effects towards thermally stratified media were presented. The corresponding mathematical formulation in this problem is as follows: 
with transformed conditions: www.nature.com/scientificreports www.nature.com/scientificreports/ Case-4. The effectiveness subject to velocity gradients due to viscous stresses was consider very small therefore in this attempt 45 the impact of Joule heating was ignored. Since our flow problem contains the influence of Joule heating so by ignoring this fact our findings exactly matched with results reported in ref. 45 . For www.nature.com/scientificreports www.nature.com/scientificreports/ comparison purpose we have constructed Tables 6, 7 and 8. To be more specific, Table 6 is constructed for comparative values of local skin friction coefficient. It was found In absolute sense, it was noticed that the skin friction coefficient reflected increasing values via both K, and β. On the other hand it shows an opposite trends for the increasing values of λ m . Moreover, the local skin friction coefficient in independent of Prandtl number. The negative sign of local skin friction implies the drag forced exerted by cylindrical surface towards Casson fluid particles. It has been observed through the local Nusselt number shows an increasing values for the greater Table 5 . LSN comparison with ref. Table 6 . LSFC comparison with ref. 45 .
www.nature.com/scientificreports www.nature.com/scientificreports/ values of K and Pr, however opposite variations are observed for the increasing values of the parameter δ 1 . The negative sign in local Nusselt number relates the transfer of heat normal to the cylindrical surface. The local Sherwood number depicts an increasing attitude for the increasing values of the parameters K, and Le. On the other hand, it shows a decreasing nature towards δ 2 . Further, the recent developments on the surface quantities can be assessed in refs 46, 47 . Table 8 . LSN comparison with ref. 45 .
